The prevalence of diabetes mellitus (DM) is projected to approach 600 million people worldwide by 2035 and there are concerns about a potential diabetes epidemic in Asia. 1 Diabetic retinopathy (DR), a complication of DM, afflicts a third of diabetics and is the principal cause of vision loss among the working age group in developed countries 2 and remains a leading cause of preventable blindness. 3 The proportion of visual impairment worldwide caused by DR has increased. 4 Diabetic macular edema (DME), characterized by increased vascular permeability and the deposition of hard exudates at the central retina, can develop at any stages of DR and afflicts 21 million people globally.
The prevalence of diabetes mellitus (DM) is projected to approach 600 million people worldwide by 2035 and there are concerns about a potential diabetes epidemic in Asia. 1 Diabetic retinopathy (DR), a complication of DM, afflicts a third of diabetics and is the principal cause of vision loss among the working age group in developed countries 2 and remains a leading cause of preventable blindness. 3 The proportion of visual impairment worldwide caused by DR has increased. 4 Diabetic macular edema (DME), characterized by increased vascular permeability and the deposition of hard exudates at the central retina, can develop at any stages of DR and afflicts 21 million people globally. 5 Through regular eye examinations and adequate DM management, the diabetes-related vision loss can be prevented in 98% of cases. 6, 7 Primary interventions, such as intensive glycemic and blood pressure control, can reduce the incidence and progression of DR and DME, while secondary interventions, such as laser photocoagulation and injections of anti-vascular endothelial growth factor drugs, may prevent development and progression of vision loss. [8] [9] [10] [11] [12] [13] Therefore, early detection of DR and DME through screening programs and appropriate referral for therapy are essential to preserving vision in individuals with diabetes. DR screening has been shown to be a cost-effective method of preventing diabetes-related vision loss. 14, 15 Since blindness from DR and DME is preventable from both public health screening and clinical management perspectives, it is important to precisely identify persons who have DR/DME for early intervention before they progress to severe visionthreatening stages. 16 Current DR screening programs typically employ retinal fundus photography and manual assessment of DR, 17 but this approach requires highly skilled readers which is labor-intensive and costly. Moreover, fundus photography as a technique is 2-dimensional, not 3-dimensional, making it difficult to assess for DME. New retinal image processing methods and imaging technologies can potentially provide solutions for detecting DR and DME 18 in a more efficient and cost-effective manner. In this review, we will summarize the current retinal imaging technologies for DR screening and discuss future possibilities.
Fundus Photography
The UK National Institute for Clinical Excellence (NICE) guidelines 19 states that a DR screening test should have sensitivity and specificity of at least 80% and 95% respectively, with a technical failure rate of less than 5%. The gold standard photography method for the detection of DR is stereoscopic color fundus photography in 7 standard fields (30°) as defined by the Early Treatment Diabetic Retinopathy Study (ETDRS) group. 20 It is also useful for identifying DME and subtle retinal neovascularization. 21, 22 However, from the patient's perspective, taking 7 fields is time-consuming, tedious and uncomfortable.
Several studies have compared the use of 1-field, 2-fields and 3-fields fundus photography with the standard 7-fields ETDRS fundus photography. 17, [23] [24] [25] [26] [27] [28] [29] [30] [31] Single-field fundus photography had significantly lower sensitivity (78%) and specificity (86%) for detection of referable DR 29 compared to 2-fields (sensitivity 96%, specificity 89%) 30 and 3-fields fundus photography (sensitivity 92%, specificity 97%). 26 Thus, 2 or 3-fields fundus photography are currently commonly used for screening 25,31 as they represent a good compromise with reasonable sensitivity and good comfort favoring patient compliance with screening.
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Mydriatic fundus photography, with further use of ophthalmoscopy for ungradable cases, has been shown to be an effective DR screening strategy. 32 It offers a sensitivity of at least 80% in the detection of any grade of DR, and sensitivity and specificity of 97% and 92% respectively for vision-threatening DR (VTDR). 19 Despite the significant improvement in the detection rate of DR for mydriatic compared with nonmydriatic fundus photography, the safety of pharmacological pupil dilation remains a concern among primary eye care physicians. The incidence of mydriasis-induced acute angle-closure attack 33 has been reported as 6 in 20 000 Caucasians, but this figure may be higher among Asian populations due to differences in eye anatomy.
Nonmydriatic fundus photography ( Figure 1 ) has thus become a popular screening tool for DR at the primary care level. 17 However, it faces drawbacks including a higher technical failure rate resulting from media opacities, small pupils, and difficulty in obtaining stereoscopic views. Reassuringly, its sensitivity has been reported to be between 78% and 98%, with a specificity between 86% and 90%, in the detection for VTDR requiring referrals. 29, 34 In Scotland, a 3-tiered screening approach has been implemented which involves obtaining only 1 macula-centered digital fundus photograph per eye without mydriasis (tier 1) and if unsuccessful then mydriasis is used (tier 2) and finally biomicroscopy with a slit lamp if photography remains unsuccessful (tier 3).
35,36
The use of digital imaging systems has reduced the technical failure rate associated with previous nondigital film photography, and the electronic image facilitates easy storage and cataloguing. 37 Modern digital systems for retinal photography have been shown to achieve sensitivities and specificities of approximately 90% in detecting referable DR. 38 Comparisons between film and digital fundus photographs found agreement to be substantial to almost perfect for DR severity level and moderate to substantial for DME and CSME severity levels, respectively.
39
Recently, several articles have been published reporting the use of telemedicine for the screening of DR using nonmydriatic fundus photography 14, 15, 40 in the primary care setting. 41 Based on remote assessment of fundus photographs by a centralized team of trained and accredited technicians, telemedicine has been shown to have a pooled sensitivity exceeding 80% and a pooled specificity exceeding 90% for DR. 42 Other ocular conditions can also be detected at a high rate, a collateral benefit of DR screening programs that may be underappreciated. 43 Telemedicine has been shown to be cost-effective for patient populations of >3500, patients aged <80 years, and all racial groups. 44 In addition, there are still some details in fundus photographs, such as retinal vessel caliber, 45 tortuosity 46 and fractal dimensions, 47 that have not been fully exploited which may improve DR screening and risk stratification. For example, retinal arteriolar caliber has been shown to widen with increasing glucose and HbA1C levels. 48 Several populationbased cross-sectional studies have consistently reported that wider retinal venular caliber is associated with more severe DR. 49 Wider retinal venular caliber has also been shown to predict progression of DR in few prospective studies, 50 independent of other known risk factors.It is noted that there is still no fully automated algorithm to measure these retinal vascular parameters.
DR assessment using nonmydriatic digital fundus photography still requires specially trained highly skilled readers (a resource in limited supply globally) 51 and it is labor-intensive. The DR grading time is about 1 to 10 minutes for each patient with DM even by a well-trained reader (grading time varies with DR severity and image quality). Given the projection of 600 million people living with diabetes globally by the year 2035, the current DR screening approach may not be able to keep pace with the demand for DR screening services. 1 In addition, the manual nature of DR severity grading can result in inconsistency and variability between readers and across screening sites. 52 Moreover, fundus photography as a technique is 2-dimensional, not 3-dimensional, making it difficult to accurately assess detailed morphological abnormalities including intraretinal cystic changes and subretinal fluid accumulation, and identify DME, which is best assessed with a 3-dimensional view. As a result, graders assess for surrogates of DME such as hard exudates near the fovea from fundus photographs, leading to a high false positive rate and high number of unnecessary referrals to tertiary centers.
DR Lesion Detection by Automated Retinal Image Analysis
In view of the shortcomings of current DR screening programs that rely heavily on manual readers, numerous software for automated detection of DR lesions from fundus photographs have been developed. 51 These systems have the potential to substantially improve DR screening by reducing the burden on readers and therefore improving efficiency. Table 1 summarizes these automated DR lesion detection systems.
Many systems are commercially available currently, including iGradingM (Medalytix LLC; Digital Healthcare, Scotland, UK), 53 RetmarkerDR (Retmarker Ltd, Coimbra, Portugal), 54 IDx-DR (IDx LLC, Iowa City, IA, USA), 56 RetinaLyze System A/S (RetinaLyze A/S, Horsholm, Denmark) 57 and EyeArt (Eyenuk Inc, Woodland Hills, CA, USA). 58 Systems that are under active development and not yet commercially available are Singapore Eye Lesion Analyser (SELENA), 59 the TRIAD Network (Hubble Telemedicine Inc), 55 and DR-RACS (VisionQuest Biomedical LL). 60 It is noteworthy that the TRIAD Network has been acquired by Welch Allyn and the technology is now rebranded as RetinaVue.
Most of these systems, or more specifically iGradingM, RetinaLyze A/S and Retmarker DR, make a decision on the presence or absence of DR. Others, such as EyeArt and SELENA, further provide a recommendation regarding the need for referral (ie, referable DR). On the other hand, DR-RACS classifies cases as "high risk" or "low risk" for DR, which translates to a not referable/referable outcome. 60 Iowa Detection Program (IDx-DR) utilizes a fusion algorithm to produce a DR index, 56 which will be suggestive of referable or nonreferable disease.
Some of these systems have additional functions. For example, both EyeArt and Retmarker DR can measure microaneurysm turnover (ie, the sum of the microaneurysm formation and disappearance rates), which has been shown to be associated with DR progression. 54, 61 iGradingM also possesses an image quality assessment function. 53 The Singapore Eye Lesion Analyzer (SELENA), based on deep learning technology using convolutional neural network and region extraction algorithms, is the first Asian automated detection system for DR ( Figure 2 ). In addition, both SELENA and the TRIAD Network can provide specific DR severity level 59 and classify DR lesions but they are both not commercially available yet. There are currently various methods employed to classify DR lesions with good accuracy, such as bag-of-visual-words algorithm. 62, 63 A drawback of commercially available systems is the lack of integration of recent published work such as automated detection of neovascularization based on fractal and texture analysis. 64, 65 The emergence of automated DR detection systems is a response to the need for an effective DR screening tool as a result of the increase prevalence of DR. Although many systems are under development, it is difficult to determine which system is more superior to the other. These systems use different algorithms and are tested in different patient populations, making direct comparison almost impossible at present. However, these systems do share a similar primary aim: to ease the burden of trained manual grader by screening out images that exhibit no disease or are nonreferable, with the objective to relieve health care costs and burden by providing real-time evaluation to expedite diagnosis, and referral if necessary. Already, Scotland has implemented a 2-tier strategy by replacing first level manual grading in their National Screening Program with an automated system developed to assess image quality and detect the presence of any retinopathy, saving £201 600 per year in grading and quality assurance costs to the NHS. 66 This strategy was found to safely 53 reduce manual grading workload by 36.3%. 67 Automated grading is likely to be a cost-effective alternative to manual grading because compared with manual grading, automated grading saves between £1727 and £3834 per case missed in grading costs. 
Optical Coherence Tomography
A major limitation of many current DR screening programs based on fundus photography is the inability to accurately identify DME on 2-dimensional fundus photographs. Optical Coherence Tomography (OCT) has emerged as a useful DR screening tool as it provides direct detailed 2-and 3-dimensional visualization of histological changes in the layered retinal structures and precise quantitative assessment with ultra-high scan speed and resolution. 69 OCT uses low-coherence interferometry to provide noncontact and noninvasive optical biopsy of the tissue morphology of the retina (including macula, optic nerve head and retinal nerve fiber layer). 70, 71 In clinical practice, OCT has been widely used as an objective tool to measure the volume and total thickness of the retina, along with structural changes of the various cellular layers of the retina with the aid of segmentation algorithms. 72 OCT is capable of quantifying retinal thickness, identify intra/subretinal pathology (eg, subretinal fluid/hemorrhage secondary to choroidal neovacularization), and monitor for disease complications (eg, cystoid macular edema secondary to central retinal vein occlusion) in various retinal diseases, making it a useful tool for detecting and managing retinal abnormalities. The role of OCT in the assessment and management of diabetic eye disease has aided our understanding of the internal architecture of the retina in diabetes. [73] [74] [75] OCT has greatly improved DR and mostly DME management by enabling the direct evaluation of retinal thickness and the quantitative follow-up of retinal thickness changes that may greatly influence therapeutic decisions. 76, 77 For example, in an observational study of subclinical DME, it has been shown that the cumulative probability of meeting an increase in OCT central point thickness of at least 50 microns from baseline and a central point thickness of at least 300 microns, or treatment for DME was 27% by 1 year and 38% by 2 years. 78 Specifically, OCT is increasingly being used to diagnose DME in patients with diabetes. 79, 80 Clinicians often request OCT imaging when a diabetic patient has a fundus photograph suspicious for DME because OCT allows for an objective evaluation of DME with effectiveness in particular for the identification of macular thickening. OCT compares favorably to other methods of DME assessment, such as slitlamp biomicroscopy and fundus photography. 81 In addition to central subfield mean retinal thickness that has most commonly been used to identify macular thickening in clinical research trials, 80 spectral-domain-OCT (SD-OCT), a newer generation of OCT technology, can evaluate detailed morphological abnormalities (Figure 3 ) that occur in DME, including intraretinal cystic changes, subretinal fluid accumulation, and vitreo-retinal interface at the macula in differentiating vitreo-retinal attachment from vitreo-retinal traction, such as vitreo-macular traction. 82, 83 In a recent Cochrane systematic review, OCT was found to have a pooled sensitivity of 78% and specificity of 86% for detecting DME, 84 using diagnosis by means of fundus biomicroscopy or stereophotography by ophthalmologists or other trained personnel as reference.
As OCT becomes increasingly available in clinical practice, 83 it has become widely recognized as the new reference standard for assessment of DME. 84 However, the role of OCT is still unclear in DR screening in addition to fundus photography. There is only a moderate correlation between OCT and FP assessments of retinal thickening in patients with DME. 86 OCT imaging can be considered in cases suspicious for DME on fundus photography because OCT is especially useful in ruling out DME, thereby reducing unnecessary referrals (Figure 4) . A DR screening protocol using SD-OCT has been tested in UK, in which Dodson found that in patients with referable DME, as defined by FP alone, only 26% of patients showed macular thickening on SD-OCT. This suggests that OCT is potentially an effective method of reducing the unnecessary referrals to hospital eye clinics. 87 OCT can also be used to follow-up patients whose DR is above the screening referral threshold but does not actually require treatment. 88 SD-OCT can serve as a valuable adjunct in evaluating intraretinal microvasular abnormalities and neovascularization elsewhere, since it can verify the histopathologic correlate and provide subtle anatomic insights. Promisingly, in a recent publication in Scotland and the UK, economic modeling suggested that combining SD-OCT with FP resulted in cost savings without reducing health benefits. This is likely to be cost-effective as the estimated marginal cost of including SD-OCT within the existing screening program was low (£31.96 per patient) compared with the cost of a tertiary referral, treatment and consequent monitoring in the outpatient setting (£420). 90 Olsen et al reported that the addition of OCT prior to referral, results in a reduction in costs to the health service with no decrement in the number of DME cases detected. 91 Most recently, a virtual SD-OCT clinic has been audited as an alternative way of managing a large cohort of referred patients with relatively few resources whilst ensuring that appropriate treatment is provided when necessary. 92 Together, these results indicate that OCT shows promise to transform from being a diagnostic tool to a screening tool in the primary care office. 93 Biomarkers that can be extracted from OCT imaging in the context of early detection of DR lesions include the volume and total thickness of the retina, and central subfield mean retinal thickness. 94 These measurements can be provided by automated OCT software and it has been shown that the error involved is sufficiently small that results are not likely to be affected if scans are not routinely sent to a reading center. 85 Subclinical macular edema identified by OCT appear to be a good candidate as an organ-specific biomarker of DR. 95 However, a recent study showed that that there is no advantage in performing OCT routinely in patients with type 1 DM without minimal DR because OCT did not show changes in retinal thickness in those patients compared to controls.
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Scanning Laser Ophthalmoscopy
Scanning laser ophthalmoscopy (SLO) is an imaging technology that uses laser light instead of a bright flash of white light to illuminate the retina. Image quality is essential for accurate DR assessment in conventional fundus photography, necessitating pharmacological pupil dilation. Confocal SLO imaging (cSLO) is the process of scanning an object point by point by a focused laser beam and then capturing the reflected light through a small aperture (a confocal pinhole). The confocal pinhole suppresses light reflected or scattered from outside of the focal plane, providing a sharp, high-contrast image without the need for pharmacological pupil dilation. Other advantages of using cSLO over traditional fundus photography include improved patient comfort through less bright light, video capability, and effective imaging of patients who do not dilate well. Since diabetics typically do not dilate well and account for a large number of patients with vision problems, 97 cSLO imaging is a valuable tool for eye care providers especially in the context of DR screening.
Current screening techniques based on fundus photography suffer from an inability to image the peripheral retina where DR lesions may be missed. Ultra-widefield (UWF) fundus imaging technology uses laser light and the principles of confocal laser scanning microscopy to yield images with high resolution. 98 By combining a SLO with an ellipsoidal mirror, this technology has the ability to capture a widefield image (200°) in a single photograph ( Figure 5 ) in comparison to the typical 45° or 50° of standard fundus photography. Current devices taking advantage of UWF imaging capability are the Optos retinal imaging devices (eg, Optomap 200Tx, Daytona and California Imaging Systems by Optos, Marlborough, MA) and Heidelberg HRA (Heidelberg Engineering, Carlsbad, CA), which uses a noncontact UWF module that attaches easily to any Spectralis or HRA2 camera head.
In a published telemedicine screening program, the use of Optomap UWF imaging was shown to increase the identification of DR by 17%, with lesions documented in the periphery suggesting greater disease severity in 9% of cases compared with nonmydriatic fundus photography. 99 Realtime UWF image evaluation in a telemedicine program had a sensitivity and specificity for identifying more than minimal DR of 95% and 84%, respectively. 100 Less than 0.1% of patients with referable DR would be missed and reading Figure 4 . An example of a left retina suspicious for diabetic macular edema (DME) on (A) fundus photography (using hard exudates as surrogate for DME), but negative for DME on (B) optical coherence tomography (OCT). The fovea contour is preserved, with no retinal thickening or intraretinal cysts.
center image grading burden would be reduced by 60%. 100 Compared with nonmydriatic fundus photography, UWF imaging 99 reduced the ungradable rate by 71% (to <3%) and reduced image evaluation time per patient by 28%. Other studies have also shown that nonmydriatic UWF imaging compared favorably 101 with dilated ETDRS photography and dilated fundus examination in determining DR and DME severity; 102, 103 furthermore, UWF image acquisition time was less than half that of dilated ETDRS photography. 104 Comparing to gold standard 7 ETDRS views, the use of Optomap increased the DR severity grade in 15% of images with substantial agreement. 105 EasyScan (i-Optics, the Hague, the Netherlands) is another cSLO device that allows retinal imaging through undilated pupils and media opacities such as cataracts. As EasyScan possesses 2 lasers (1 green and 1 infrared) which penetrate to different depths of the retina, it can provide greater details such as the approximate depth at which a lesion is located (Figure 6 ), in comparison with fundus photography. In a cross-sectional study to evaluate the diagnostic performance of EasyScan in nonmydriatic DR assessment, it was found that gradability of EasyScan images was significantly higher than undilated fundus photography (CR-DGi 10D, Canon, Tokyo, Japan), and the diagnostic performance between cSLO and undilated fundus photography was similar (unpublished data). A study comparing cSLO with fundus camera found improved sensitivity and equivalent specificity for DR detection. 106 Therefore, cSLO is a potential tool for nonmydriatic DR screening. However, more data to replicate and validate such imaging device is needed before the true potential of cSLO in DR screening can be ascertained.
Future Possibilities
New retinal imaging technologies have been recently developed to image the retina with more details and provide retinal functional assessment, which may potentially improve our DR screening practices in the future. Newer technologies such as portable handheld nonmydriatic cameras, 107 enhanced depth imaging OCT, [108] [109] [110] swept source OCT, 111 OCT angiography, Doppler OCT, adaptive optics, retinal function assessment, retinal oximetry, metabolic imaging, and fundus autofluorescence 112 are beginning to find applications in DR management and have the potential to change the landscape further in the future. However, more large-scale studies on the diagnostic performance and cost-effectiveness of these imaging technologies in the primary care setting are required before widespread recommendations for their use in routine DR screening can be made. Furthermore, as the use of these technologies in the context of DR is fairly new, standardized protocols have not been well established. In the meantime, these imaging technologies (except portable handheld nonmydriatic cameras) may be useful in the secondary or tertiary care model. We introduce several of these imaging technologies below.
OCT Angiography
OCT angiography 113 can be used both to analyze blood flow quantitatively and to provide high-contrast images of the retinal vascular bed immediately and without the need for dye injection. 114, 115 Recent studies have demonstrated the potential of this technique in assessing retinal vasculature abnormalities and to confirm neovascularization in retinal diseases such as DR.
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Doppler OCT
Doppler OCT imaging has recently demonstrated usefulness in assessing blood flow changes 119, 120 in patients with DR, as well as in analyzing the 3-dimensional architecture of neovascularization in proliferative DR. 121 Blood flow parameters in diabetics can be monitored longitudinally over the course of treatment, providing possible insights into endothelial function and response to therapy. 119 
Adaptive Optics
Adaptive optics (AO) technology is able to reduce the effects of wavefront distortions, compensating for astigmatism and higher-order aberrations caused by imperfections in the cornea and lens of the eye, thereby facilitating the lateral resolution of ophthalmoscopes to the microscopic scale 122 and even reduce motion artifacts 123 without the use of contrast. 124 AO systems have been coupled with flood-illuminated cameras, 125 scanning laser ophthalmoscopes 126 and OCT. 127 AO imaging have shown great potential in improving the noninvasive evaluation of the retina and retinal capillary network in early forms of DR 128, 129 because it can detect preclinical abnormalities of retinal microcirculation in patients with diabetes. 130 For example, the retinal parafoveal capillary network has been found to be disrupted in type 2 diabetes, even before the onset of DR. 131 Lombardi et al have demonstrated that the lumen of parafoveal capillaries is narrower in patients with Type 1 diabetes and nonproliferative DR than in healthy subjects. 129 Recently, evidence of extensive capillary remodeling was found in subjects with only mild or moderate nonproliferative DR. 132 Considering that existing DR classifications are based on lower-resolution retinal imaging techniques, AO has the potential to drastically improve clinical classification of diabetic individuals by detecting minute yet important microvascular changes among them. 132 AO imaging may also help elucidate the pathophysiology of DR and evaluate the effects of clinical interventions. 133 However, at present, the small field of view in AO devices limits its application in routine clinical practice. In addition, high cost and system complexity hinder the wide adoption of AO technology in clinical practice. Most AO retinal cameras have been designed and constructed for the best imaging performance possible, with the exclusion of all other factors, including size, cost, complexity, ease-of-use, time required to obtain, process, and analyze the retinal image. 130 Fortunately, advances in automated methods to evaluate the retinal micro-structures, including cell photoreceptors, vessels, and nerve fiber bundles demonstrate potential in reducing the time required for image processing and analysis. 128 
Retinal Function Assessment
Imaging functional changes in the retina before anatomic consequences arise and before irreversible cell death becomes visible holds promise as a powerful technique for early detection of retinal diseases such as DR. The Retinal Function Imager (RFI) by Optical Imaging (Rehovot, Israel) enables direct in vivo, noninvasive functional assessment of 4 key parameters: retinal blood flow, blood oximetry, metabolic state, and hidden vasculature (particularly capillaries). These 4 functional parameters of the retina have been known to be affected by retinal diseases. 134 Already, studies using RFI have shown that in early diabetes without DR, there is increased velocity in the retinal arterioles and venules; 135 while in DR, the velocities decrease in both. 134 The noninvasive qualitative and quantitative imaging of blood flow in the secondary and tertiary vessels of the retinal vasculature using a stroboscopic fundus camera 136 could aid us in elucidating pathological changes other than the typical morphological changes that can be detected by other assessment techniques.
Metabolic Imaging
The OcuMet Beacon by OcuSciences (Ann Arbor, MI) is a novel device that allows noninvasive assessment of retinal mitochondrial dysfunction, which is a marker of metabolic stress and tissue damage seen in retinal diseases such as DR, macular degeneration, and glaucoma. Based on the intensity flavoprotein fluorescence in retinal tissues, it possesses potential for DR screening and monitoring for progression and improvement. 137 Field et al have shown that individuals with DR in at least 1 eye had significantly greater mitochondria flavoprotein autofluorescence activity than diabetic subjects without retinopathy in either eye. 138 
Retinal Oximetry
Some DR lesions are secondary to disturbances in retinal blood flow, which may influence the oxygen supply for retinal metabolism. Using retinal oximetry, it has been shown that the oxygen saturation is increased in retinal arterioles and venules of diabetic patients with retinopathy. 139 The oxygen saturation in retinal vessels from diabetic patients was found to be dependent on the severity and type of visionthreatening retinopathy. 140 Recently, Man et al found that in patients with diabetes, eyes with DR were associated with increased venular oxygen saturation and decreased arteriovenous difference compared with eyes without DR, suggesting an altered metabolic state in DR. 141 
Conclusion
Detection and treatment of DR are key public health interventions because they can greatly reduce the likelihood of vision loss. 6, 7 The demand for DR screening platform using new ocular imaging techniques is steeply increasing due to the increase of prevalence of DM. 5 Current DR screening programs based on fundus photography rely heavily on skilled graders, 17 yet have difficulty detecting DME.
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Computer-assisted and automated retinal image analysis platforms can potentially reduce the reliance on manual graders 54 but more studies are required to define their role in existing DR screening programs. Advanced retinal imaging technologies such as OCT and SLO are at the forefront of a new wave of solutions for more efficient DR screening. 84, 100 However, data on the validity and cost-effectiveness of DR assessment and risk prediction using newer ocular imaging techniques and automated analysis for these imaging technologies still need to be shown. This will eventually transform the management of patients with diabetes, providing savings in health care costs and resources.
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